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I.  SDH'JRX 


A.  JVRPOS^AUD  SCOtt 

Thfc  study  was  conducted  to  determine  the  probability  of  the 
existenoe  of  an  electrostatic  charging  hazard  in  the  F  paries  Atlas  't'uel 
Transfer  System.  A  further  intention  was  to  investigate  test  procedures  tv 
evaluate  the  degree  of  the  problem  and  possible  solutions  if  a  hazard  seemed 
probable w 

v: 

B.  CQWUPXOte 

All  available  information  indicates  that  electrostatic  charging 
presents  a  definite  hazard  in  the  Silo  Fuel  System.  Fatal  explosions  and/or 
fires  are  possible.  The  most  cancerous  operation  is  catchment  tank  loading 
and  unloading.  Here  highly  charged  fuel  is  expected  to  enter  the  atmosphere- 
vented  catchment  tank  and  the  open  tank  trucks  respectively. 

The  missile  fuel  tank  seems  safe  due  to  nitrogen  inert ioo  of  the 
ullage  atmosphere.  Nevertheless,  further  investigation  is  neoaseazy. 


C.  RECOHKENDAIKKS 

It  is  recomended  that  an  antistatic  additive  be  mixed  with  RP-L, 

The  hazard  can  definitely  be  eliminated  in  the  entire  fuel  transfer  system 
by  use  of  such  an  additive.  This  solution  is  extremely  easy  and  inexpensive 
although  the  additive's  side  effects  require  evaluation.  Until  these  aide 
effects  are  investigated,  it  is  suggested  that  a  nitrogen  purge  system  he 
applied  to  the  catchment  tank  and  tank  trucks  as  an  interim  solution.  It 
should  be  noted  that  the  nitrogen  purge  does  not  eliminate  the  possible 
hazard  in  the  missile  tank  where  an  ullage  gas  analysis  is  needed  to  determine 
ullage  atmosphere  flammability. 

Alternatively,  the  degree  of  the  electrostatic  charging  hasard 
can  investigated  by  means  of  tests  at  OSTF-2  (Vandebburg  AFB).  The  extent  1 
of  the  test  program  must  be  a  compromise  between  the  quantity  of  data 
necessary  fer  the  degree  of  safety  desired  and  the  economics  of  thm  situation 
in  terms  of  time  and  money. 

The  relative  merits  of  these  approaches  should  be  investigated. 

In  the  mean  time,  it  is  recommended  that  personnel  be  kept  at  a  safe  distanoe 
during  fuel  transfer  operations  considered  dangerous. 
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II.  imuqpuctioh 


Ajl. 

The  possibility  that  electrostatic  charging  of  RP-1  rackat  fual 
may  constitute  a  hazard  was  first  considered  in  early  December  1961,  by  the 
Propellant  Loading  System  Design  Group,  because  of  several  features  unique 
to  the  F  Series  Atlas.  The  point  was  raised,  quite  incidentally,  by  Dr.  Grey, 
a  former  consultant  to  Convair  Scientific  Research  Laboratory,  and  now  a 
professor  at  Alfred  University,  Alfred,  H .  Y . ,  in  a  discussion  concerning  the 
Fuel  Purification  Unit.  He  pointed  out  that  the  extremely  low  total  water 
content  of  the  processed  fuel  could  reduce  fuel  conductivity  to  e  value 
conducive  to  electrostatic  charging.  A  study  was  therefore  initiated  to 
determine  if  a  problem  could  exist, to  investigate  techniques  to  evaluate  its 
extent,  and  to  determine  possible  solutions  to  the  hasard. 

A  survey  of  available  literature  and  phone  conversations  with 
experts  of  Esso,  Shell,  and  Atlantic  Research  Corporation  indicated  that  a 
problem  may  very  well  exist.  It  was  then  decided  to  confer  with  these 
experts  in  detail.  Dr.  J.H.  Jaffer,  Jr.,  Mr.  A.L.  Ludwig,  and  Dr.  Kicheal  » 
iarkels,  Jr.,  of  Easo,  Shell  and  Atlantic  :asearch  respectively,  as  well 
aa  other  people  from  these  firms,  graciously  gave  much  of  their  time  to  this 
study  in  personal  discussions  in  late  January. 


B.  histori  cr  ttQBUEM 

Electrostatic  charging  has  long  been  e  problem  in  refineries. 

Many  fires  and  explosions  have  been  attricuted  to  electrostatic  sparking  in 
storage  tanks,  tankers,  ana  tank  trucks.  The  Standard  Oil  Company  (Baw 
Jersey)  and  Affiliates  list  eighteen  fir*  and/or  explosions  (1)  caused  by 
static  ignition.  Other  oil  companies,  too,  have  experienced  atatic  axplo- 
aions  all  over  the  world.  l«ore  recently,  military  aircraft  have  been  involved. 
The  CF-100  KCAF  fighter  episode  is  particularily  well  documented.  Seven 
incidents,  two  of  which  resulted  in  explosions,  occured  in  the  winter  of  1957. 
An  on-the-spot,  full-scale  study  waa  made  by  Dr.  D.T.  Rogers  and  J.C,  Monday 
of  Esso  Research  and  r~~ineering  Company,  yielding  important  data  (2). 

No  incidents  have  been  reported  with  ccnruercial  aircraft  although 
increasing  fueling  rates  and  purer  fuels  hxvo  created  enough  concern  to 
result  in  several  studies.  Esso  and  Shell  have  performed  extensive  laboratory 
and  full  scale  experiments  in  the  last  several  years.  The  Coordinating 
Research  Council,  in  cooperation  with  many  oil  companies,  airliceB,  and  Convair 
Division  of  General  Dynamics  Corporation,  conducted  an  extensive  program  last 
year.  Cne  objective  of  the  CHC  study  was  to  evaluate  the  use  of  a  acala 
model  for  farther  electrostatic  studies.  Agreement  between  tlx,  full  seal* 
aquipoent  *rd  the  model  was  fairly  gxxd.  Atlantic  Research  Corporation, 
Alexandria,  7a.,  also  participated  in  this  stun.,  and  is  now  in  poaaaaioc  of 
the  scale  model. 

The  results  of  this  work  indicate  that  a  definite  hazard  exiata 
whan  aviation  type  kerosenes  are  pumped  into  aircraft  tanka .  Easo  and  Shell 
have  ceveloped  an  antistatic  additive  which,  in  concentration*  of  1  py®, 
increases  fuel  conductivity  to  the  point  where  no  charge  can  accumulate  (9p), 
The  adcitive's  side  effects,  ho- ever,  are  as  yet  not  fully  evaluated. 
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Electrostatic  charging  is,  of  course,  not  confined  to  liquid 
hydrocarbons  but  only  this  aspect  will  be  considered.  Electrostatic  charging 
can  occur  whenever  there  is  notion  of  a  fuel  relative  to  a  second  substance 
which  nay  be  a  solid,  liquid, or  gas.  A  point  in  case  is  the  flow  of  fuel 
aicr.g  pipes  and  through  filters.  Less  otrvious  is  the  relative  notion  of 
fuel  spray,  vapor,  or  rust  anc  air  through  w.,ich  it  nay  be  forced.  The  charge 
generation  mechanism  is  not  entirely  unoerstood.  The  general  opinion  is  that 
charge  separation  occurs  at  the  interface  of  relative  motion,  that  is,  ions 
of  one  sign  (present  as  impurities  in  the  fuel)  are  more  readily  adsorbed  at 
am  interface  surface  than  ions  of  the  other  sign.  In  the  esse  of  fuel  flowing 
in  a  pipe,  for  example,  negative  ions  are  thought  to  be  adsorbed  by  tha  pips 
surface.  This  leavee  the  fuel  with  a  net  positive  charge  as  it  enters  the 
tank.  A  negative  charge  is  then  induced  on  the  inside  surfaces  of  the  tarv 
and  so  an  electrostatic  field,  much  as  the-  electric  field  between  oppositely 
charged  capacitor  plates, is  established.  Field  strengths  of  several  bundvad 
thousand  volts  per  meter  are  not  unusual,  and  values  in  the  millions  are 
thought  to  be  possible. 


It  should  be  noted  that  grounding  s  tank  does  not  renerre  tha  induced 
charge  on  the  inside  surface.  To  clarify,  tske  the  example  of  positively 
charged  fuel  in  an  ungrounded  tank.  By  induction,  electrons  (negative  charges) 
tend  to  migrate  to  the  inside  surfaces  of  tbe  tank.  This  in  turn  laaves  a 
net  positive  charge  on  the  outside  surface  of  the  tank.  Grounding  tha  tank 
neutralises  this  "outside"  charge  by  allowing  electrons  from  ground  to  flow 
to  the  outside  surface.  The  "inside"  charge,  held  by  induction,  remains. 


If  the  electric  field  in  the  ullage  space  of  a  tank  exceeds  the 
potential  breakdown  value  of  the  ullage  atmosphere,  a  discharge  occurs.  Tba 
resulting  spark  may  be  cf  a  high  enough  energy  to  ignite  tbe  mixture  of  sir 
and  hydrocarbon  vapor  in  the  ullage.  Less  probable,  but  nevertheless  possible, 
is  structural  damage  by  intensive  sparking  even  without  ignition.  These  are 
the  hazards  of  electrostatic  charging. 


In  any  electrostatic  study,  the  fuel  conductivity  is  of  primary 
importance.  Electrical  conductivity  is  largely  a  function  of  ion  concentration. 
If  very  few  ions  are  present,  obviously  not  much  charge  separation  and  accusu~ 
lation  can  occur  and  electrostatic  charging  is  not  &  hasard.  This  is  tha 
situation  in  a  chemically  pure  fuel  and  is  not  expected  to  be  encountered  in  tha 
field.  If  ion  concentration  is  high,  electrostatic  charging  ie  again  no  problem 
sur.ce,  although  much  charge  separation  occurs,  charges  generated  combine  almost 
immediately  through  the  highly  conductive  fuel  and  no  accumulation  ie  possible. 
It  becomes  apparent,  then,  that  electrostatic  charging  is  only  a  problem  whan 
the  fuel  falls  into  a  certain  conductivity  range.  This  range  is  approximately 
G.l  to  10  picoahoc  per  meter.  Unfortunately ,  aviation  kerorenes,  -which  include 
FI -I,  have  a  conductivity  aln~«t  "ideal"  for  charge  generation.  In  s  world 
.ice  survey,  Esso  reports  that  iO«.  of  all  aviation  kerosenes  tested  have  a 
conductivity  of  lees  than  1  picocho  per  mo  ter  and  90.  have  a  conductivity  of 
less  than  10  picochos  per  meter  (3).  In  other  words,  85%  of  the  samples  bad  a 
conductivity  value  oetweer.  0.1  and  10  picochos  pier  meter. 
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Electrical  conductivity  of  petrelewi  fractione  ia  not  ohmic,  that  is 
current  ie  not  proportio.-.al  to  field  strength,  and,  in  addition,  depends  on 
tiite.  This  causes  a one  problems  since  measurement  results  obtained  depend  on 
the  applied  voltage  and  at  the  tine  readings  are  taken.  Both  Eaeo  and  Shell 
(4*5)  have  conductivity  measurement  procedure a  available, 

Esso's  method  consists  of  measuring  current  with  a  known  applied 
voltage  and  using  Ohm's  Law  to  obtain  the  resistance.  Current  is  plotted  aa 
e  function  of  tine  and  the  equilibrium  value  uf  current  is  used  to  compute 
the  resistance.  The  equilibrium  value  of  tne  current  can  be  estimated  by 
extrapolating  the  curve  after  a  few  measurements  or  current  can  be  read  to  the 
bitter  end  which  n ay  take  30  minute a. 

With  Shell 'a  method,  the  conductivity  is  calculated  from  the  time 
required  to  reduce  a  potential  difference  across  a  capacitor  to  a  certain 
fraction  of  its  original  value.  The  petroleum  product  under  test  ie  used  as 
the  dielectric  in  the  capacitor* 

Both  methods  require  skill  and  carefully  calibrated  equipment. 

Conductivity  ia  affected  by  filtering  equipment  of  all  types,  by 
the  contamination  in  a  fuel  transfer  system,  and  by  electric  fields.  In 
addition  the  conductivity  of  Ri-1  will  vary  with  the  supplier  and  even  with 
different  batches  of  the  same  refinery.  The  variation  with  field  strength 
gives  rise  to  "effective"  conductivity.  This  is  the  conductivity  which 
actually  exists  in  the  charged  fuel  and  which  determines  the  rata  of  charge 
dissipation  to  ground  or  "relaxation".  It  can  be  several  times  higher  or 
lower  than  conductivity  measured  at  "rest"  although  it  ie  usually  lover  (6). 

It  can  be  seen,  then,  that  conductivity  measurements  are  by  no 
mesne  simple.  To  have  any  value,  measurements  must  be  made  with  RB-1  from 
each  supplier  and  before  and  after  filtering  equipment* 


<?»  MB 

In  general,  the  faster  a  fuel  travels  over  e  surface  the  more 
charge  ie  separated  end  the  hazard  ia  increased.  The  exact  relationship  is 
not  known  but  charge  generation  seems  to  vary  with  slightly  less  than  ths 
second  power  of  flow  velocity.  No  range,  outside  of  which  electrostatic 
hazards  do  not  exist,  can  be  established  here  as  is  the  ease  with  conductivity* 
Flow  rates  in  the  F  Series  ltlas  fuel  transfer  system  vary  from  $  to  27  ft*  per 
second  in  stainless  steel  pipes  and  rubber  flex  boees.  Sparking  was  observed 
in  two  studies  at  lover  flow  rates  (6,  <14)*  ■  <-•- 


The  geometry  of  a  particular  fuel  transfer  system  greatly  affects 
charge  generation  and  sparking*  The  surface  area,  for  example,  encountered 
by  the  fuel  is  Important  since  electrostatic  charging  is  a  surface  phenomenon. 
Filters  end  filter-separator  type  devices  present  a  large  surface  area  to  the 
fuel  and  so  the  charge  generated  in  them  is  much  higher  than  the  charging  in 
pipes.  In  fact,  piping  after  the  final  filter  usually  serves  to  relax  the 
charge  in  the  fuel  as  it  travels  to  the  tank* 


Astronautics  Engineering  Import  AE62-0171 

5 

A  particularil..'  troublesome  situation  exists  when  a  filter  la  placed 
Just  upstream  of  a  tank.  Almost  all  of  the  charge  generated  In  the  filter 
will  then  be  carried  to  the  tank  since  no  relaxation  is  possible. 

As  the  charged  fuel  rises  iji  a  tan):  an  electrostatic  field  is 
established  between  the  fuel  surface  and  the  tank  ceiling,  walls,  and  other 
surfaces,  such  as  instrumentation  devices.  It  is  well  known  that  Ideal  field 
strengths  become  relatively  high  when  irregular  and  pointed  surfaces  exist 
although  they  would  be  low  in  a  "smooth"  tank. 

Thus,  when  the  electric  field  is  distorted  by  irregular  geonetry, 
sparking  is  more  likely  to  occur.  In  air,  for  example,  1000  kv/ft.  is  quoted 
as  the  breakdown  potential  of  air  between  parallel  plates.  If  pointed  electrodes 
are  used,  the  breakdown  potential  is  cuch  less.  It  is  estimated  that,  under 
ideal  conditions,  incendiary  sparks  could  be  produced  b>*  a  liquid  surfaoe 
potential  of  the  order  of  one  kilovolt  (2). 


r 
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IV.  ATLAS  SYSTEM  CONSIDERATIONS 


A.  THE  FUEL  TRAISFER  SISTBI 

The  Atlas  fuel  system  consists  of  the  missile  tank,  the  catchment 
tank,  the  fuel  purification  unit,  the  fuel  loading  prefab, and  the  inter-  ’ 
connecting  piping,  Ahe  '"'ster.  will  handle  fuel  much  of  which  is  expected  to 
have  an  ideal  conductivity  for  electrostatic  charging.  The  flow  rates  in¬ 
volved  are  higher  than  the  C.iC  study  flow  rates  where  sparking  occured.  The 
geometry,  too,  seems  conducive  to  charge  generation  due  to  several  filtering 
devices.  A  stainless  steel  Desh  filter  is  located  in  the  fuel  loading  prefab 
and  a  filter  separator  may  be  mounted  on  the  Air  Force  tank  trucks.  The  fuel 
purification  unit  is  one  huge  filter  consisting  of  a  filter-separator,  three 
desiccant  beds,  and  a  backup  filter.  When  the  previously  mentioned  experts 
were  acquainted  with  the  system,  their  strongly  expressed  opinion  was  that 
a  hazard  exists  in  some  p oases  of  fuel  transfer. 

The  fuel  system  can  be  divided  into  four  operational  procedures 
for  electrostatic  studies! 

1.  Klsalla  loading 

Fuel  flows  from  the  catchment  tank  or  tank  trucks  to  the  missile. 
(It  is  the  intent  to  flow  through  the  Fuel  Purification  Unit  whenever  fual 
is  dblivered  into  the  missile  tank). 

2.  Catchment  Tank  loading 

Fuel  flows  from  the  missile  or  tank  trucks  to  the  catchment  tank. 

3.  Tank  Truck  Loading.  Fuel  Purification  Unit  Validation 

Fuel  flows  from  the  nieeile  or  catchment  tank  to  the  tank  trucks. 
(The  Fuel  Purification  Unit  will  he  used  to  pump  fuel  from  the  catchment  to 
the  trucks  during  FPU  validation). 

L.  System  ValidaUgfl 

Fuel  flows  from  the  tank  trucks  thru  the  Fuel  Purification  Unit, 
thru  the  silo  fuel  plumbing,  thru  the  Fuel  Loading  Prefab, back  to  the  tank 
trucks. 

The  experts  agreed  that  the  worst  case,  as  far  as  charge  generation 
is  concerned,  is  tank  truck  loading  (  using  the  fuel  purification  unit) 
followed  by  catchment  tank  loading  from  tank  trucks.  In  each  ease .  fual  is 
pumped  through  a  filter  shortly  before  it  enters  a  tank  with  a  flammable 
atmosphere.  The  other  operations  were  judged  fairly  safe  since  either  no 
filter  is  in  the  circuit  or  tank  ullage  atmosphere  is  inerted. 


U 


\ 
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B.  MISSILE  FUEL  TAME 

The  missile  fuel  tank,  it  was  felt,  is  probably  safe  due  to  nitrogen 
pressurization  and  similarity  to  earlier  Atlas  arrange zaenta  where  no  problem 
has  been  identified.  The  missile  tank  ullage  atmosphere,  pressurised  to 
approximately  14  psig  with  nitrogen,  will  probably  not  support  combustion  under 
any  conditions.  It  was  pointed  out,  however,  that  it  is  just  possible  that 
the  evolution  of  dissolved  ojgrgen  in  the  fuel  plus  the  injection  of  air,  trapped 
in  the  fuel  fill  and  drain  line,  during  a  leveling  operation,  may  create  a 
flammable  ullage  atmosphere.  It  ua6  felt,  therefore,  that  an  ullage  gas  analysis , 
under  the  worst  possible  expected  conditions,  should  be  mads. 


C.  CATCHI-EHT  TAKE 

Catchment  tank  loading  from  tank  trucks  through  the  truck  mounted 
filter-separator  will  result  in  charged  fuel  entering  the  atno a ph e re-vented  tank. 
Whether  or  not  the  charge  is  high  enough  to  cause  sparking  is  Impossible  to 
determine  without  tests.  The  experts  opinion  was  that  a  hazard  probably  exists* 

It  should  be  noted  that,  in  spite  of  CD/A  objections,  the  silo 
facility  fuel  catchment  tank  was  designed  without  an  inert  atmosphere.  Io 
other  Atlas  tank  is  vented  directly  to  the  atmosphere* 


P.  TAME  TRUCKS 

The  ullage  atmosphere  In  the  truck  tanks  will  certainly  be  flammable 
and  explosions  could  result.  Unloading  the  catchment  tank  thru  the  Fuel 
Purification  Unit  into  tan.-  trucks,  as  previously  noted,  was  considsred  ths  most 
dangerous  operation.  This  is  based  on  the  assumption  that  tbs  Fuel  Purification 
Unit  is  an  efficient  electrostatic  generator.  Highly  charged  fuel,  it  was  felt, 
will  enter  the  tank  trucks  since  not  much  relaxation  can  occur  in  the  12  ft. 
section  of  hose  provided  at  the  outlet  of  the  FHJ* 
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ELECTROSTATIC  | 


A. _ SB  gRtt 

Testing  in  connection  with  electrostatic  charging  studies  is  difficult. 
Equipment  not  usually  available  is  required  for  field  strength  and  charge  density 
measurements.  Experience  with  aeasureaent  techniques  is  highly  desireable  both  for 
the  actual  testing  and  for  the  analysis  of  the  test  data. 


IL. . BATA  mum 

Five  types  of  measurements  are  used  to  evaluate  the  extent  of  an  electro* 
static  problem.  Although  all  five  aay  not  be  necessary  here,  they  are  given 
be  lout 

1.  Fuel  Conductivity 

2.  Field  Strength 

3.  Charging  Current 

4.  Charge  Density 

5.  Charging  Taadeney 

Conductivity  measurements  were  described  In  Section  III  A.  Thin 
measurement  is  required. 

Field  strength  measurements  are  most  difficult.  Instrumentation  is  not 
commercially  available  although  approximately  six  field  meters  exist  in  tbs  United 
States.  These  meter6  were  built  by  Esso  and  Shell  and  their  loan  is  possible. 

The  instrument  picks  up  and  amplifies  a  small  alternating  voltage  which  is  induoed 
in  a  rotor  alternately  exposed  to  and  shielded  from  the  electrostatic  field.  The 
device  must  be  carefully  calibrated  and  properly  installed  in  a  region  where  high 
field  strengths  are  expected.  This  usually  presents  difficulties  due  to  inaccessi¬ 
bility. 


Charging  current  is  measured  by  allowing  the  charge  induced  by  the  fuel  In 
an  electrically  insulated  portion  of  the  system  (  usually  a  filter)  to  flow  to 
ground  through  a  micro-micro  azr.eter.  The  insulation  hsed  il  Teflon.  An  entire 
tank  truck,  for  example,  can  be  isolated  by  driving  it  onto  cleaned  Teflon  plates 
and  by  installing  Teflon  gaskets  in  inlet  and  outlet  piping.  The  truck  is  then 
connected  to  ground  thru  the  current  meter  and  the  current  measured  is  a  good 
indication  of  the  fuel's  charge  density.  Mr.  A.L.  Ludwig  of  Shell  felt  that 
conductivity  and  charging  current  measurements  may  suffice  to  define  the  Atlas 
electrostatic  problem. 
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Charge  density  measurements  employ  instrumentation  similar  to  tbe 
field  meter  discussed  above  (6).  ike  device  is  usually  installed  in  an  elbow 
with  the  prcoe  ct- rurally  located  in  the  fuel  flow  path.  Tbe  charge  density,  in 
microcoulonbs  per  cubic  meter  of  the  fuel  can  thee  be  deduced  from  tbe  amplitude 
cf  the  induced  alternating  voltage. 

Charging  tendency  of  a  fuel  is  measured  by  ccoparing  tbe  number  ef 
sparks  produced  by  different  fuels  under  tne  sane  laboratory  scale  tranafer 
condition  (7).  This  measurement  iB  not  recommended  since  too  many  variable* 
affect  the  data.  Temperature  and  storage  time,  for  example,  effect  the  sparking 
rate  in  a  seemingly  unpredictable  manner. 

In  order  for  sparking  to  present  a  hazard,  a  flamable  atmoapfoers  must 
exist  near  the  spark.  The  ratios  of  hydrocarbon  vapor  anc  air,  aa  a  function  at 
temperature,  which  support  combustion  are  well  known.  There  doubt  exist*  a*  to 
the  fl«m utility  of  an  ullage  atmosphere,  it  is  desireable  to  perform  a  ga* 
analysis  since  electrostatic  measurements  are  expensive  and  useless  if  a  ga* 
analysis  indicates  combustion  is  impossible. 
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IL^BISfcSSlfiB 


A.  GEHERAL 

IT  the  extent  of  electrostatic  charging  in  the  fuel  system  1b  to  be 
evaluated,  some  sort  of  test  program  must  be  conducted. 

The  testing  can  be  performed  by  Astronautics  alone,  by  Astronautics 
with  help  from  Esso,  Shell  and  Atlantic  Research  on  a  consultant  basis,  or 
the  test  program  may  be  subcontracted  to  an  experienced  firm  in  port  or  entirely. 

The  Atlantic  research  Corporation,  which  took  part  in  the  CftC  studies 
and  presumably  has  good  testing  experience,  is  seeking  contracts  of  this  nature. 
It  should  be  noted  that  the  firm  does  not  have  field  meters  but  they  are  appar¬ 
ently  capable  of  building  then  to  Shell  drawings.  The  complete  testing  program 
was  estimated  to  cost  165,000.  It  is  also  possible  to  obtain  consultants  from 
the  firm  If  this  should  bs  desired, 

Esso  and  Shell  normally  are  not  contracted  for  this  kind  of  email 
task,  but  consultation  is  available.  An  attempt  to  subcontract  to  Esso  or  Shell 
is,  of  course,  possible. 

Any  test  program  should  involve  the  actual  equipment  presumably  at 
QSTF-2  where  schedule  problems  will  arise.  Testing  of  this  type  is  expensive 
and  it  is  recoosended  that  whichever  way  it  is  carried  out,  it  be  complete  the 
first  tine. 


B.  TEST  HI 


rwjtyij'CK 


The  experts  consulted  disagreed  somewhat  with  what  an  adequate  test 
setup  might  be.  Obviously  it  would  be  desireabls  to  run  all  tests  under  many 
different  conditions  and  to  draw  conclusions  from  a  wealth  of  data.  Economics 
and  time,  however,  dictate  a  different  approaah. 


Shell  indicated  that  conductivity  and  charging  current  measurements 
maybe  enough  to  evaluate  the  problem.  This  would  mean  measuring  tank  truck 
and  FPU  charging  current  and  fuel  conductivity  before  and  after  filtration. 
Investigation  of  the  missile  tank  ullage  atmosphere  was  also  recommended. 


Esso  felt  that,  in  addition  to  conductivity  and  charging  current, 
field  strengths  in  the  catchment  tank  and  the  tank  trucks  should  also  be  measured. 

Atlantic  Research  recoaxended  that  conductivity,  field  strength  (  in 
catchment  tank  and  tank  trucks)  and  charge  density  measurements  be  made.  It 
was  also  recomended  to  Install  a  photoelectric  cell  in  the  vicinity  of  expected 
•parking. 


£.  g&fflIQlE  Iv  M 

Sewral  solutions  to  electrostatic  charging  problems  are  known.  They 
are  listed  below.  H  should  be  noted  that  applying  a  solution  may  be  lets 
extsecsive  than  conducting  an  exhaustive  test  progra;:..  This  is  especially  true 
vben  the  ex i stance  of  a  problem  is  strongly  suspected.  A  program  verifying  a 
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hazard  still  leaves  the  task  of  eliminating  this  hazard. 

1.  Reduction  of  flow  rates 

A  lower  fuel  velocity  reduces  charge  separation  but  does  not  give 
absolute  protection  since  this  is  a  natter  of  degree.  Testing  mist  accompany 
such  a  fix. 


2.  Removal  of 

Filters  so-e  potent  charge  generators.  The  final  filter  (  the  first 
filter  upstream  of  the  tank  Deing  filled)  is  especially  dangerous  since  the 
charge  generated  in  it  doee  not  usually  have  nuch  relaxation  tine,  i.e.  the 
final  filter  is  usually  close  to  the  tank,  hemoval  of  this  filter  again  is  not 
a  positive  fix  and  testing  is  necessary.  In  addition,  the  removal  of  a  filter 
may  be  umdtsireable  in  a  given  system. 

iTovision  for  relaxation  voltfflfl 

Charge  accumulated  in  fuel  dissipates  (relaxes)  with  time.  Thus,  if 
additional  piping  or  a  tax,''  is  introduced  between  the  final  filter  and  tank  to 
provide  sufficient  relaxation  time,  nuch  of  the  charge  will  have  disappeared. 
However,  the  relaxation  volume  necessary  can  become  unacceptabley  large  if  con¬ 
structed  to  provide  positive  protection  for  low  conductivity  fuels. 


The  relaxation  volume  necessary  to  achieve  the  desired  degree  of  charge 
dissipation  can  be  calculated.  Charge  dissipates  or  relaxes  in  accordance  with 
the  equation  ^ 

Qt  e  Qo®  fc -  - 

where  *=  charge  density  after  time  t 
Qe  *  initial  charge  density 
t  K  elapsed  time  in  seconds 
k  =  fuel  conductivity  in  aho/ca 
€  =  fuel  dielectric  constant 
€<j  =  8.85  x  10  fared/ea 
Examples  Assume  k  =  1  x  10"^  nho/cm  =  1  x  ICT^  ssho/m 
and  €  =  2.3  (approximately) 


If  it  la  desired  to  reduce  the 


initial  charge  density  by  60%  =  <u) 


a  relaxation 


Qo 

time  of  approximately  20  aeconis  is  needed.  At  a  flow  rate  of  300  gallon*  par 
minute,  a  20  second  rele  tion  volume  equals  100  gallons.  It  follows  tiien  that 
a  100  gallon  tank  is  needed  to  reduce  the  initial  charge  by  601  of  its  value  under 
the  above  assumed  conditions. 
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4.  Inerting,  of  ullage  atmosphere 

If  the  ullage  atmosphere  is  inerted,  no  combustion  can  taka  place. 
Discharges  are  not  eliminated  but  spark  energies  are  not  nigh  enough  to  cause 
structural  damage  when  such  sparking  occurs  from  the  fuel  to  a  conductor* 

5*  Adjustment  of  fuel  volatility 

Here  the  fuel’s  properties  are  controlled  so  that  flazaaabls  atmospheres 
are  not  created  under  expected  conditions.  For  example,  if  the  vapor  pressure  were 
increased  so  that  a  non  flam. .able ,  over-rich  mixture  exists  in  the  ullage,  no 
fire  or  explosion  could  be  causec  by  sparks.  It  is  difficult,  however,  to  altar 
one  physical  property  of  a  fuel  without  affecting  others  and  therefore  a  "new* 
fuel  would  have  to  be  evrJ.ua ted. 

6.  .Ja&gactteejgsEsaJfl  fliUlm  ina 

A  radioactive  source  ionizes  the  ullage  atmosphere  so  that  it  can  set 
as  a  conductor.  Charges  in  tie  fuel  can  then  flow  through  the  ullage  to  tbs 
tank  and  ground.  Further  study  is  necessary  if  this  solution  is  to  be  considered* 

7.  Grounded,  floating  conducting  grid  on  fuel  surftcs 

Here  again  a  conductive  path  is  provided  for  the  charge  distributed  in 
the  fuel.  Difficulties  include  construction  and  inaccessibility. 

1L» _ Antistatic 

These  additives  increase  fuel  conductivity  to  the  point  where  charge 
accumulation  is  not  possible.  Side  effects  of  the  additives  have  not  been 
evaluated  for  rocket  engine  systems. 
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